A microwave-assisted, chemoselective synthesis of the novel antitumor and antimicrobial (3E)-5-hydroxy-1-isopropyl-3-[(5-methyl-2-thienyl)methylene]-5-phenylpyrrolidin-2-one has been achieved via assisted microwave solvent-free onepot reaction of (3E)-3-[(5-methyl-2-thienyl)methylene]-5-phenylfuran-2(3H)-one with amines, urea and thiourea. The products are obtained in significant purity, yield, and eco-friendly reaction conditions. The structural formula of the products is confirmed by their spectroscopic characterizations. A mechanism is proposed in which an intramolecular nucleophilic attack takes place on the carbonyl carbon by the lone pair of electrons on the nitrogen atom, leading to ring closure with proton transfer to oxygen forming the hydroxyl group.
Introduction
Heterocyclic motif is an important scaffold that has both industrial and medicinal applications. Pyrrolidinones are heterocyclic compounds that possess significant biological and pharmacological activities, including anticonvulsant and respiratory simulation activities. 2-Pyrrolidinone moiety is very important in medicinal chemistry as many derivatives have shown significant pharmacological and biological activities, as, e.g., anti-cancer agents 1 , antitumours 2 , HIV-1 integrase inhibitors 3 , antimicrobial 4 , antibacterial 5 and anti-inflammatory 6 In view of the importance of substituted pyrrolidinones, various synthetic methods have been reported [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Microwave-assisted organic synthesis is used as a modern and eco-friendly technique to accelerate organic synthesis. The use of microwave to accelerate reactions has proven to be a useful tool green chemistry which is an efficient technology that minimizes or preferably eliminates the formation of waste, avoids the use of toxic solvents and reagents. Microwave may also support cleaner reactions by improving yields and stereoselectivity. In our previous work we synthesized (2E)-2-(5-substituted 2-thienylmthylene)-4-arylbutanamides and (2E, 3Z)-4-hydroxy-4-aryl-2-(5-substituted thien-2-ylmethylene)but-3-enohydrazide derivatives 16 , which showed pronounced antimicrobial and in vitro cytotoxic activity (IC50) against human breast carcinoma cell line (using flouraciele as a reference drug). The method used is that reported by Skehan 17 .
The aim of the present work is to synthesize novel antitumor and antimicrobial hydroxypyrrolidin-2-one derivatives which are expected to possess potent antitumor and biologically active properties.
hydrochloric acid to remove the unreacted excess amine. Thoroughly wash of the organic layer with water followed by its dryness over anhydrous sodium sulfate then evaporation, gave the corresponding products (4-18).
Conventional Thermal Condensation Technique General Procedure
A mixture from furanone (1-3) with amine (a-e) (1:2, 1:5 or 1:10 moles) in the appropriate organic solvent was refluxed for 2-15 hours. Completion of reaction was followed up by (TLC). The reaction solvent was then distilled to give a product which was dissolved in chloroform and worked up in a similar way to that reported in the microwave irradiation reaction. All trials to react furanone (3) with amines (d and e) in different molar ratios 1:2, 1:5 or 1:10 under reflux for up to 72 hours were unsuccessful.
Results and Discussion
Comparison of the reaction of amines (a-c), urea (d), and thiourea (e) with furanones (1-3) has been carried out using free-solvent microwave irradiation technique and conventional thermal heating technique in which different solvents are used. Reaction of amines (a-c) gave with furanone 1 gave (4-6), furanone 2 gave (9-11), furanone 3 gave (14-16), whereas urea (d) gave with furanon1, compound 7, with furanone 2 it gave 12 and with furanone 3 it gave (17). Reaction of thiourea (e) furanone 1 gave 8, with furanone 2 it gave 13, whereas with furanone 3 it gave 18. The comparison showed that microwave technique outweighs the conventional thermal technique where products obtained through microwave irradiation were significantly purity, in excellent yield, and reaction conditions were eco-friendly.
The products obtained were crystallized from the appropriate solvent (cf. Table 1 ). The chemical structures of products (4-18) were confirmed by their spectral data; IR, 1 HNMR, and MS. 
Molecular Structural Assignment
Molecular structural assignment of compounds 4-18 were assigned by their spectral analyses; FTIR, Ms, and 1 HNMR. The protons numbering of 1 HNMR spectra of some compounds are given in figure 1.
Antimicrobial Activity
The antimicrobial screening of compounds; 5-8, 10-13 and 15-18 using the disk diffusion method, inhibition zone diameter (mm/mg sample) in DMSO as solvent, show that all derivatives examined have antimicrobial activity ranging from high to moderate values against; Streptococcus pneumonia (G+), Staphylococcus aureus (G+), Escherichia coli (G-), Pseudomonas aeruginosa (G-), Aspergillus fumigates and Candida albicans. The screened compounds showed pronounced antibacterial activity using Ampicillin, Genyamycine and Amphotericin B respectively as a reference. (Table 2 ) Cytotoxic Activity
In vitro cytotoxic activity (IC50) of compounds 12, 13, 17, and 18 against a human breast carcinoma cell line and human colon carcinoma cell line using Doxorubsin or Sisplatin as a reference drug, similar to the method that reported by Skehan 8 , where IC50 is defined as the concentration results in a 50% decrease in cell number as compared with that of the control structures in the absence of an inhibitor. The results obtained are given in Table 2 .
Anti-tumor Activity
In vitro antiproliferative activity (IC50) of compounds 5, 12, 13 and 16 against a human breast carcinoma cell line and a human colon carcinoma cells using Doxorubsin or Sisplatin as a reference drug, similar to the method that reported by Skehan P. and Storeng R., (1990), where IC50 is defined as the concentration results in a 50% decrease in cell number as compared with that of the control structures in the absence of an inhibitor. The results obtained are given in Table 2 . 
MCF-

Conclusion
Microwave-assisted technique proved to accomplish the reactions with excellent yields, high purity, assist cyclization, regioselectivity and convenient working out than conventional thermal heating technique. Moreover it proves to be more economically and environmentally safe (green chemistry) than thermal heating technique.
